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结果表明，超声提取法的提取效果 好，提取率比前二者分别提高了 83 %和 42 
%，且大大缩短了提取时间。通过单因素分析和均匀设计实验优化了梓醇的超声
提取工艺，确定的 佳工艺条件为：超声时间 36 min，乙醇浓度 68 %，液料比
5:1 mL/g，梓醇的提取率为 1.95 %。梓醇粗提液采用大孔树脂进行吸附分离，所
选用的 10 种树脂中以 H103 对梓醇的吸附量和解吸率 高，吸附性能和吸附洗
脱工艺的研究表明，H103 树脂对梓醇的吸附属于快速平衡型；梓醇在 H103 树
脂上的吸附以单分子层吸附为主，吸附等温线符合 Langmuir 和 Freundlich 方程；
吸附分离的 佳工艺条件为：上柱液浓度为 6.15 mg/mL，上柱液流速为 1.0 
mL/min，洗脱剂为 70 %乙醇水溶液，洗脱流速为 0.5 mL/min，洗脱体积为 3.33 BV
（Bed Volume）。经 H103 树脂纯化后梓醇含量达到 62.39 %。梓醇粗品进一步用
硅胶和 Sephadex LH-20 凝胶柱层析精制后，产品纯度分别达到 81.3 %、94.1%，
梓醇的收率分别为 45.6 %、58.3 %。 
通过单因素分析和均匀设计实验优化了地黄渣中水苏糖的微波提取工艺，得
到 佳工艺条件为：微波功率 528 W，微波时间 60 s，液料比 20:1 mL/g，提取
次数 2 次。在该条件下，水苏糖的提取率为 23.24 %，是传统的回流提取法提取
率的 1.45 倍。水苏糖粗提液经微滤预处理，再经截留分子量 10 KDa 的超滤膜进
行分离，在超滤压力 0.10 MPa，温度 50 ℃，体积浓缩比（VCR）8 的条件下，
















过液进一步用 7 种吸附剂进行脱色，其中以活性炭的脱色效果 好，且引起水苏
糖的损失较小。通过单因素分析和正交优化，确定 佳脱色工艺条件为：温度
50 ℃，活性炭用量 0.3 g/L，脱色时间 2.5 h，pH 4.0。在此条件下，脱色率可达
99.1 %。脱色后的溶液经浓缩 16 倍后，再用 85 %乙醇水溶液沉淀 24 h，获得的
水苏糖粗品纯度为 60 %，水苏糖的得率为 36.4 %。水苏糖粗品再经活性炭柱层



















Rehmannia glutinosa Libosch (R. glutinosa), a member of the Scrophulariaceae 
family, is widely used in Traditional Chinese Medicines to treat metabolic disorders. 
Some large-scale GAP bases for planting resource species of R. glutinosa have been 
established in China, which is beneficial in exploiting bioactive substances from R. 
glutinosa. Catalpol and stachyose are two of major bioactive compounds rich in the 
root of R. glutinosa, however, much concern was just focused on separation of 
catalpol or stachyose from the root, respectively.. Therefore, it will play a vital role in 
improving economic benefits to obtain stachyose from the remainders of R. glutinosa 
extracts free of catalpol. In this study catalpol and stachyose were sequentially 
separated and purified from the extracts of R. glutinosa. 
The extraction of catalpol by using extraction at room temperature (ERT), heat 
reflux extraction(HRE) and ultrasound-assisted extraction(UAE)from R. glutinosa 
was investigated. Results showed that the extraction yield of catalpol by UAE was 83 
% higher than that by ERT and 42 % higher than that by HRE. Then, the optimum 
conditions for UAE were established: 68 % (v/v) ethanol aqueous solution as 
extraction solvent, the ratio of solvent to solid of 5:1 mL/g, the ultrasonic treatment 
time of 36 min. The optimal yield of catalpol was 1.95 %.  
Then, the preparative separation of crude catalpol solution with macroporous 
resins was studied. The results showed that H103 resin offered the best adsorption and 
desorption capacity for catalpol among ten macroporous resins tested in this study, 
and its adsorption isotherm data were well fitted to Langmuir and Freundlich model. 
Dynamic adsorption and desorption experiments have been carried out with the 
column packed by H103 resin to optimize the separation process of catalpol from R. 
glutinosa extracts. The optimum parameters for adsorption and desorption were 
sample solution catalpol concentration 6.15 mg/mL, flow rate 1.0 mL/min, 
ethanol-water (70:30, v/v), elution flow rate 0.5 mL/min and elution volume 3.33 BV. 
Then, a purified product (I) containing 62.39% catalpol was obtained after treatment 















column chromatography, respectively. The purity of catalpol from the product (II) 
after refinement by Sephadex LH-20 column exceeded 94.1% with recovery yield of 
82.3%; however, the purity of catalpol reached up to 81.3% with recovery yield of 
45.6% after refinement by silica gel column. 
The extraction of stachyose from the remainders of R. glutinosa extracts free of 
catalpol by a microwave-assisted process and a heat reflux process was studied. A 
uniform design was used to obtain the optimal conditions of microwave-assisted 
extraction (MAE). The optimum parametes for MAE were microwave power 528 W, 
microwave disposal time 60 s, ratio of solvent to solid of 20:1 mL/g and times of 
radiation twice. Based on the MAE conditions optimized above, the extraction yield 
of stachyose reached 23.24 %, which was as 1.45 times as that by HRE.  
Then, the crude stachyose solution was pre-treated by microfiltration and 
separated by ultrafiltration membrane of MWCO 10 KDa. The optimum separation by 
ultrafiltration was achieved under the conditions of ultrafiltration pressure 0.10 MPa, 
temperature 50 oC, VCR 8. And the content of stachyose in retentate was increased 
from 28.3% to 40.5% with the decoloration ratio of 72.4%. The retentate was further 
decolored by active carbon, aluminium oxide and five kinds of ion exchange resins, 
respectively. The results showed that active carbon possessed the highest decoloration 
capacity among the seven adsorbents. And the optimum conditions for decoloration 
by active carbon were as follows: temperature 50 oC, concentration of active carbon 
0.3 g/L, decoloration time 2.5 h and pH 4.0. Finally, the decoloration ratio of retentate 
reached 99.1 %. The stachyose solution after decoloration was concentrated, and then 
precipitated. The content of stachyose in precipitate reached up to 60 % with recovery 
yield of 36.4 %. The obtained precipitate was refined by active carbon column 
chromatography, and the purity of stachyose in final product was increased to 92 % 
with recovery yield of 76.7 %. 
This study will provide a potential approach for large-scale separation and 
purification of catalpol and stachyose for their wide pharmaceutical use. 
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珊瑚苷等，其中梓醇的含量 高，在地黄中可高达 5 %左右。己分离鉴定的糖类
有：水苏糖、棉籽糖、葡萄糖、蔗糖、果糖、甘露三糖、毛蕊花糖及半乳糖，其
中以水苏糖的含量 高，约占干重的 50 %。地黄中还含有丰富的氨基酸，鲜地























图 1-1 梓醇的结构式 













图 1-2 水苏糖的结构式 



















脑病(HE/SHE)有预防作用[17]。 在 CCl4 等复合因素构建的大鼠肝硬化模型中，
水苏糖能显著降低 IL-6 含量，对肝脏有保护作用[18]。 
1.2 中药有效成分的提取方法 









































   在超声提取过程中，提取不同的药材，不同的超声参数(如超声频率，超声强
度、提取时间等)会有不同的结果，因此提取中药有效成分时应注意选择合适的
条件。影响超声提取的主要因素包括： 
   (1) 超声频率  超声频率不同, 提取效果亦不同, 而应针对具体中药种类进
行筛选。由于介质受超声波作用所产生的气泡的尺寸不是单一的, 存在一个分布
范围, 因此提取时超声频率应有一个变化范围。 
(2) 超声时间  一般在10～100 min 以内即可得到较好的提取效果， 但因中
药原料不同，提取率随超声时间的变化亦不同。如绞股蓝总皂苷[24]、黄芩根中
黄芩苷[25]的提取，其提取率随着超声时间的增加而增大；而在黄连素[26]和益母
草总生物碱[27]的提取中，提出率分别在30和40 min 时出现峰值。 
 (3) 溶剂  中药有效成分的提取与提取溶剂有一定的关系，加之超声提取，
无需加热，因此选择提取所用的溶剂， 好结合欲提取的有效成分的理化性质进
行筛选。 
(4) 溶剂浸渍时间  用一定溶剂将药材浸渍一段时间，再进行超声处理，可
以增加有效成分在溶剂中的溶解度，提高提取率。周民杰等[28]在超声提取烟碱
的研究中考察了浸泡时间对烟碱提取量的影响，结果表明浸泡 2 h 后再超声提取
的烟碱量比直接超声提取的提高了 58.7 %。许瑞波等[29]对荠菜中总生物碱的超





































Mauricio A Rostagno 等[36]用超声法提取大豆异黄酮，发现用50 %（V/V）的
乙醇做溶剂，在60 ℃下提取20 min可获得 佳的提取效率，且高于常规的提取方
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